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A B S T R A C T
Enthesopathies are alterations that could be present at entheses. Two types of enthe-
sopathies have been defined: osteophytic (OF) and osteolytic (OL). In the present paper,
we propose a standardized method to score the degree of development of each form of
enthesopathy. With this method, the intra- and interobserver errors are less than 5%.
The standard was used to study a sample (113 individuals) deriving from osteological
collections from the late XIX-early XX century. Information about the age, sex and occu-
pation of the individuals is available. This study demonstrated an effect of age on the
form and the degree of development of enthesopathies. The influence of factors related to
sex and occupation cannot be excluded. Therefore, functional interpretations of data on
enthesopathies in osteoarchaeological series must take account of the estimated age and
sex of the specimens and the distribution of the lesions within a single skeleton.
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Introduction
The aim of bioarchaeological studies of
human remains is to investigate ancient
human societies from a biocultural point
of view. Various skeletal markers are used
to provide information for reconstruction
of the paleodemography and the style and
quality of life. The first problem, common
to the study of many of these markers, is
the scarcity of standardized scoring me-
thods, which negatively affects the repro-
ducibility and comparability of the obser-
vations. Another problem arises when the
results must be interpreted, since osse-
ous traits generally have a multifactorial
etiology in which the effects of age, sex,
individual factors, pathologies, physical
activity, etc., can overlap. For these rea-
sons, our research group from the Uni-
versity of Bologna is conducting a broad
methodological investigation of aspects
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concerning the standardization of scoring
methods and the problems of interpreta-
tion of osseous and dental indicators of
age, sex, health state, physical activity,
etc.1–6.
The scoring of so-called »musculoske-
letal stress markers« (MSM7), i.e. the de-
gree of development of entheses and the
presence of enthesopathies, presents dif-
ficulties due to the qualitative nature of
these traits. These markers have been
used as indicators of occupational stress
in many studies7–19. However, »... a signif-
icant obstacle stands in our path and
needs to be addressed. This is the absence
of standards for making accurate identifi-
cations of MOS markers of occupational
stress and determining their etiologies.«20.
Standardized scoring methods have been
proposed by some authors21–26 but they
are not currently used, with the previ-
ously mentioned effect on the reproduci-
bility of observations and the comparabil-
ity of results. Moreover, assessment of
the etiology of MSM is difficult because
there are only two types of bone respon-
ses to any kind of stress: a proliferative or
erosive response27. Thus, »… an under-
standing of the role and rate of bone re-
modeling, the effect of hormonal differ-
ences and pathological agents on bone
growth, and how biomechanical variables
(including the role of individual variation
in muscle attachment, muscle fiber ar-
rangement, and origin/insertion type) may
affect musculoskeletal stress markers«28
is very important for reliable interpreta-
tions of the results obtained. The study of
MSM can lead to the identification of
gross workload patterns and the division
of labor on a sexual or social basis, while
in the presence of ethnographic or ar-
chaeological evidence, it can also indicate
particular tasks25,28,29. MSM can also be
used to investigate locomotor stresses not
related to work but due to skeletal affec-
tions like fractures, alterations of the ver-
tebral column, etc.30–32.
The aim of this paper was to define the
features to be recorded (entheses vs. en-
thesopathies, types of enthesopathies) and
to provide a standardized scoring method
for enthesopathies. The method was then
used to study modern skeletal collections
(Sperino and Sardinian collections, late
XIX-early XX c.) to evaluate the relation-
ship between the observed features and
the age, sex and occupation of the individ-
uals.
Methodological Aspects: Definition
of the Traits and Illustration of the
Scoring Method
The term »enthesis« refers to the osse-
ous attachment site for muscles, ligaments
and capsules11,33,34. Some authors23,27,35,36
make a distinction between »enthesis«
(site of muscular attachment) and »syn-
desmosis« (site of ligament attachment);
however, Dutour37 points out that the an-
atomical distinction between enthesis and
syndesmosis has no functional justifica-
tion. In this paper, the term »enthesis«
will be used to indicate both muscle and
ligament attachment sites.
Muscle and ligament markings are al-
ways identifiable on bones as irregular or
rough surfaces, sometimes elevated or de-
pressed, or as remodeled surfaces. Since
entheses are involved in the transmission
of forces to generate movement, they are
subjected to mechanical stress, which in-
evitably induces a response by the bone.
The type and magnitude of the response
can vary, probably depending on several
factors (e. g. type and magnitude of the
stress, age and sex of the individual, etc.),
giving rise to different degrees of develop-
ment and also to different morphologies.
The term »enthesopathy« indicates an as-
pecific pathological status of the enthesis,
which can be of mechanical, metabolic,
inflammatory, etc., origin33,38. In the an-
thropological literature, it is normally
used to indicate an enthesis with signs of
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Fig. 1. Standard for scoring the degree of development of robusticity of the scapular origin of the
long head of m. triceps brachii. Degree 1: a – the profile of the infraglenoid tubercle does not inter-
rupt the profile of the axillary border of the scapula. b – the infraglenoid tubercle interrupts the
profile of the axillary border, assuming an oblong crest-like or roughly triangular shape in frontal
view. In both cases (a and b), the surface is smooth or moderately rugose. Degree 2: c – the infra-
glenoid tubercle emerges as a distinct formation of the axillary border, assuming the form of a real
tubercle or crest. The surface is irregular or rugose. Degree 3: d – the infraglenoid tubercle, in the
form of a tubercle or crest, is very prominent and rugose.
this pathological condition. However, as
far as we know, »enthesopathy« has never
been unequivocally defined in relation to
the type of bone feature observed (rugo-
sity, enthesophytes, osteolytic lesions, all
of them?). We propose that the term »en-
thesopathy« be reserved for an enthesis
with areas of exostosis or erosion, even
though an a priori attribution of a patho-
logical nature to these formations seems
implicit. Instead, they may be a simple
expression of idiopathic factors in the bo-
ne’s response to various stimuli or even
be part of normal age-related changes. It
should also be underlined that even when
a pathological origin of a given osseous
trait can be recognized, there is always
continuous variability between the two
extreme forms (normal and pathological)
and it is very difficult (and arbitrary) to
assign a border between them.
Nevertheless, it seems acceptable and
practical to consider two aspects of en-
theses separately:
¿ »robusticity« (cf. Hawkey and Merbs7),
representing the »normal« osseous
marking at the site of attachment of a
muscle or ligament; it is always observ-
able, although with a variable degree of
expression;
¿ enthesopathies, which can be absent or
present in different degrees of develop-
ment.
Enthesopathies have been divided into:
¿ a proliferative, »osteophytic« form (OF),
characterized by the presence of »en-
thesophytes«, defined by Paolaggi34 as
»équivalents tendineux de l’ostéophy-
tose articulaire«, and by Fournié and
Fournié33 as »ossifications juxta-osseu-
ses, sessiles ou libres, qui se produisent
dans les enthèses pathologiques«;
¿ an erosive, osteolytic form (OL), char-
acterized by pitting or eroded areas.
A standardized scoring method was
proposed by Mariotti3 for 23 entheses of
the postcranial skeleton. For each en-
thesis, a standard for the degree of robu-
sticity was provided, consisting of 3 possi-
ble levels: degree 1 includes weak to mod-
erate expression; degree 2 corresponds to
strong development of the enthesis and
degree 3 is reserved for very strong ex-
pression of the trait but without the pres-
ence of an enthesopathy. As suggested by
Robb25,39, these levels were defined by
setting up a series of bones (circa 30) in
increasing order of degree of development
of the enthesis considered and dividing
the observed variability into classes. The
bones came from ossuaries of several Sar-
dinian cemeteries (XX century) and are
housed in the Museum of Anthropology,
University of Bologna. The standardized
scoring method consists in the descrip-
tion of the possible classes of develop-
ment of each enthesis and their photo-
graphic documentation, as shown in Fi-
gure 1. The standard for robusticity of the
above-mentioned entheses will be pub-
lished shortly. Here instead we present
the proposed methods for the scoring of
enthesopathies. In this case, the scales
are applicable to any enthesis; they in-
clude degree 0, corresponding to absence




0. absence of exostotic formations;
1. minimal exostosis (<1 mm) (Figure 2);
2. clear exostosis (1–4 mm) (Figure 3);
3. substantial exostosis (>4 mm)
(Figures 4 and 5);
nr. trait not recordable: when the enthe-
sis is missing or in a poor state of pres-
ervation (more than 50% of the area is
illegible) or when the alterations are
so weak their effective presence is in
doubt.
Note: exostoses of the enthesis can
have different morphologies: small ele-
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Fig. 3. OF degree 2: digitiform enthesophytes at
the insertion of the Achilles tendon on a left cal-
caneus.
Fig. 4. OF degree 3: digitiform enthesophytes at
the attachment site of the m. quadriceps femo-
ris tendon on a patella.
Fig. 5. OF degree 3: »sail«-shaped exostosis at
the insertion of m. brachialis on a right ulna.
Fig. 2. OF degree 1: enthesophyte about 1 mm
in height at the medial border of the bicipital
tuberosity on a right radius.
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Fig. 6. Varying degrees of OF in the form of cir-
cumscribed protuberances and crests at the
common flexor origin and ulnar collateral liga-
ment attachment on a right humerus (medial
epicondyle).
Fig. 7. OL degree 1: diffuse fine porosity at the
attachment site of the costo-clavicular ligament
(right clavicle).
Fig. 8. OL degree 1: porosity (<1 mm in diame-
ter) at the attachment site of the costo-clavicu-
lar ligament (right clavicle).
Fig. 9a, b. OL degree 2: two examples (left clavi-
cles) of diffuse porosity with holes around 1
mm in diameter at the attachment site of the
costo-clavicular ligament.
Fig. 10. OL degree 2: a small area of erosion
(around 4 mm in length or diameter) at the at-
tachment site of the costo-clavicular ligament
(left clavicle).
vated areas or crests (Figure 6), digiti-
form enthesophytes (Figures 3 and 4), or
»sail-shaped« enthesophytes (Figure 5).
Osteolytic formation (OL)
0. absence;
1. presence of fine porosity (holes <1 mm
in diameter) (Figures 7 and 8);
2. diffuse porosity, with holes ca. 1 mm in
diameter (Figures 9a, b), or presence of
a small area of erosion (ca. 4 mm in
length or diameter) (Figure 10);
3a. presence of several small areas of ero-
sion (ca. 4 mm in length or diameter);
b: at least one extensive and deep os-
teolytic area (>4 mm in length or di-
ameter) (Figure 11);
nr. trait not recordable: when the en-
thesis is missing or in a poor state of
preservation (more than 50% of the
area is illegible) or when the altera-
tions are so weak their effective pres-
ence is in doubt or in cases of doubtful
interpretation (e.g. Figure 12).
To test the validity of this method of
scoring enthesopathies, we calculated the
intraobserver error: the percentage of er-
rors committed by the same observer in
attributing the various traits to the de-
fined categories in two independent scor-
ing sessions a few months apart. A sam-
ple of 60 complete skeletons (43 males
and 17 females) from the Sardinian col-
lection (early XX c.) of the Museum of An-
thropology, University of Bologna, was
used for this test.
The error was calculated with a pro-
gram in Visual Basic For Applications
(1998). It compares the contents of cells of
two Excel spreadsheets containing the
data of the first and second scoring ses-
sions. The program computes the total
number of cells, the number of different
cells and the percentage error (no. differ-
ent cells × 100/total no. cells), both as a
total, i.e. indiscriminately for all the ob-
served traits, and for each trait. The total
intraobserver error was 3.5% for the
osteophytic formations and 3.9% for the
osteolytic ones. Likewise we calculated
the interobserver error, which was less
than 5%. It must be noted that the proce-
dure to define the classes of development
presents an objective limit: the necessity
to divide continuous variability into dis-
crete categories. Thus, these values were
considered acceptable and the standard
was judged to be suitable for use.
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Fig. 11. OL degree 3 at the attachment site of
the costo-clavicular ligament in three right
clavicles (OL 3a in the first specimen on the
left, OL 3b in the other two specimens).
Fig. 12. Hole of doubtful interpretation at the
right bicipital tuberosity (T.13A, Casalecchio di
Reno, Bologna, Roman Imperial age).
Applications: Relationship of
Enthesopathies to Age, Sex
and Occupation
Materials and methods
We used the proposed standard to
study a sample of 113 individuals deriv-
ing partly from the Sperino Collection (52
males, late XIX century) housed in the In-
stitute of Anatomy of the Modena Hospi-
tal and partly from the Sardinian collec-
tion (44 males and 17 females, early XX
century) of the Museum of Anthropology,
University of Bologna. Information about
the age, sex and occupation of the individ-
uals is available for both skeletal collec-
tions. The males worked at various jobs,
although most were farmers (Table 1),
while the females were all housewives.
To investigate age-related differences,
we considered only the 96 males (Table1)
divided into three classes: 54 »young«
adults (YA, 20–29 years), 27 »mature«
adults (MA, 30–39 years) and 15 »old«
adults (OA, >40 years). For sampling rea-
sons (few individuals over 40 years), we
did not use the classic subdivision of Bui-
kstra and Ubelaker40 (YA: 20–35 years;
MA: 36–50; OA: >50). To test for possible
sex differences, we selected individuals
between 30 and 39 years to avoid any ef-
fects of a too young or too advanced age.
The sample consisted of 17 females and
20 males.
For each grouping based on age or sex,
we calculated the absolute frequencies
and percentages of presence/absence and,
in the case of presence, of each degree of
development for each enthesis, also tak-
ing account of the side. For sampling rea-
sons, it was decided to combine the de-
grees 23. The significance of the diffe-
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TABLE 1
COMPOSITION OF THE MALE SAMPLE BY AGE AND OCCUPATION IN SARDINIAN
AND SPERINO COLLECTION

















Farmer 10 8 8 3 1 18 12 30
Mason 5 4 1 1 1 6 6 12
Carpenter 2 1 2 1 3
Smith 2 0 2 2
Butcher 1 2 0 3 3
Baker 2 1 0 3 3
Shoemaker 5 1 1 0 7 7
Miner 2 1 1 1 3 2 5
Porter 1 2 0 3 3
Shepherd 1 1 1 1 2
Autist 1 1 2 0 2
Shop-keeper 3 2 1 5 1 6
Salesman 1 2 0 3 3
Hawker 1 1 1 1 2 3
Employee 1 1 1 2 1 3
Other 3 1 1 1 3 4 5 9
Total 29 25 15 12 0 15 44 52 96
rences among age classes or between the
sexes was evaluated by chi-squared test
and when possible (2 × 2 table) by Fi-
sher’s exact test41–43.
Even though similar occupations were
pooled, the resulting groups were not suf-
ficiently large. Therefore, we did not cal-
culate the frequencies nor were we able to
use statistical tests to assess possible dif-
ferences related to occupation.
Results
OF formations
Digitiform enthesophytes are more
frequent in some entheses (ulnar inser-
tion of m. triceps brachii, attachment of
the patellar ligament on the patella and
tibial tuberosity, insertion of the Achilles
tendon on the calcaneus). »Sail-shaped«
enthesophytes were only found at the ul-
nar insertion of m. brachialis in two fe-
males (SS137, 32 years, degree 3 on the
left; SS157, 34 years, degree 3 on the
right, Figure 5) and at the scapular origin
of the long head of m. triceps brachii in a
cobbler (SP141, 39 years, degree 3 on the
right).
In general, the presence of OF increa-
ses significantly with age (Table 2). This
trend has been observed by different au-
thors16,18,25,44,45. In effect, the time during
which microtraumatic factors due to mus-
cle use can act on the enthesis increases
with the passing years, thus leaving more
evident markings. Indeed, we noted that
OF are usually more developed in old
adults (Table 3). Moreover, in young and
mature adults, the frequency of OF is
generally higher on one side, while in old
adults the frequency is often the same on
the two sides (Table 2). This pattern could
be related to the greater workload of the
younger individuals.
Regarding sex differences (Tables 4
and 5), the development of enthesophytes
is generally greater in males, except for
the insertion of m. brachialis (flexor of
the forearm), perhaps in relation to occu-
pational differences.
Regarding occupation, there is no par-
ticular job-related distribution, a result
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TABLE 2
FREQUENCY DISTRIBUTION (%) BY AGE OF THE PRESENCE OF ENTHESOPATHIES IN THE
OSTEOPHYTIC (OF) AND OSTEOLYTIC (OL) FORMS IN THE MALE SAMPLE (SARDINIAN AND
SPERINO COLLECTIONS TOGETHER) (p VALUE REPORTED ONLY WHEN <0.05)
Left Right
N 20–29 N 30–39 N >40 p N 20–29 N 30–39 N >40 p
OF
m. biceps brachii (radius) 51 3.9 26 3.8 15 20.0 52 5.8 27 11.1 15 13.3
m. triceps brachii (ulna) 49 0.0 27 3.7 15 33.3 0.000 48 4.2 24 8.3 15 33.3 0.005
greater trochanter (femur) 54 3.7 26 11.5 15 26.7 0.025 50 6.0 26 7.7 14 21.4
m. iliopsoas (femur) 52 19.2 27 11.1 13 46.2 0.035 49 14.3 27 7.4 13 46.2 0.007
patellar lig. (tibia) 47 4.3 26 30.8 14 35.7 0.002 47 6.4 26 38.5 14 21.4 0.003
patellar lig. (patella) 49 14.3 24 25.0 12 50.0 0.027 45 20.0 24 25.0 13 46.2
Achilles tendon (calc.) 46 26.1 24 45.8 13 69.2 0.013 48 27.1 25 44.0 13 69.2 0.017
OL
costoclavicular lig. (clavicle) 54 74.1 26 46.2 13 69.2 0.046 52 86.5 26 69.2 14 71.4
m. deltoideus (clavicle) 53 18.9 26 11.5 13 7.7 53 26.4 26 15.4 14 7.1
m. pectoralis major (hum.) 53 34.0 27 3.7 15 6.7 0.002 51 31.4 27 3.7 15 6.7 0.005
m. lat.dorsii/teres m. (hum.) 53 26.4 27 3.7 15 13.3 0.038 51 39.2 26 3.8 15 13.3 0.002
m. biceps brachii (radius) 51 7.9 26 3.8 15 20.0 52 5.8 27 7.4 14 14.3
perhaps influenced by the fact that many
occupations are represented by only a few
individuals (Table 1). Nevertheless, the
presence of OF at some insertion sites
can be attributed, albeit not unequivo-
cally, to particular work activities. For ex-
ample, the »sail-shaped« enthesophyte of
degree 3 at the right scapular origin of
the long head of m. triceps brachii of the
cobbler SP141 (39 years) could be related
to forced extension of the elbow when
stitching leather by hand. The functional
etiology of this characteristic is supported
by its unilateral presence. It should be
noted that a similar enthesophyte was
observed in the right scapula of an an-
cient Roman who walked with the use of
crutches, thus with the arms forcibly ex-
tended31 (Figure 13). For these »sail-sha-
ped« enthesophytes we cannot exclude a
macrotraumatic origin, as hypothesized
by Hawkey and Merbs7 for the features
they define as »ossification exostosis«.
OL formations
The presence of osteolytic formations
generally follows a particular trend, with
a higher frequency in young adults, a de-
crease in mature adults and a slight in-
crease in old adults, but often with lower
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TABLE 3
FREQUENCY DISTRIBUTION (%) BY AGE OF DEGREE 1 AND 23 OF ENTHESOPATHIES IN THE
OSTEOPHYTIC (OF) AND OSTEOLYTIC (OL) FORMS IN THE MALE SAMPLE (SARDINIAN AND
SPERINO COLLECTIONS TOGETHER)
Left Right
20–29 30–39 >40 20–29 30–39 >40




51 2.0 2.0 26 3.8 0.0 15 13.3 6.7 52 5.8 0.0 27 7.4 3.7 15 6.7 6.7
m. triceps brachii
(ulna)
49 0.0 0.0 27 0.0 3.7 15 20.0 13.3 48 2.1 2.1 24 8.3 0.0 15 13.3 20.0
greater trochanter
(femur)
54 1.9 1.9 26 11.5 0.0 15 6.7 20.0 50 4.0 2.0 26 7.7 0.0 14 0.0 21.4
m. iliopsoas
(femur)
52 7.7 11.5 27 3.7 7.4 13 23.1 23.1 49 2.0 12.2 27 7.4 0.0 13 38.5 7.7
patellar lig.
(tibia)
47 2.1 2.1 26 23.1 7.7 14 14.3 21.4 47 2.1 4.3 26 23.1 15.4 14 7.1 14.3
patellar lig.
(patella)
49 4.1 10.2 24 4.2 20.8 12 41.7 8.3 45 4.4 15.6 24 4.2 20.8 13 23.1 23.1
Achilles tendon
(calcaneus)




54 37.0 37.0 26 26.9 19.2 13 46.2 23.1 52 32.7 53.8 26 30.8 38.5 14 35.7 35.7
m. deltoideus
(clavicle)
53 11.3 7.5 26 7.7 3.8 13 7.7 0.0 53 18.9 7.5 26 11.5 3.8 14 7.1 0.0
m. pectoralis major
(hum.)
53 20.8 13.2 27 3.7 0.0 15 6.7 0.0 51 17.6 13.7 27 0.0 3.7 15 6.7 0.0
m. lat. dorsii/teres
m. (hum.)
53 17.0 9.4 27 0.0 3.7 15 13.3 0.0 51 27.5 11.8 26 3.8 0.0 15 13.3 0.0
m. biceps brachii
(radius)
51 3.9 3.9 26 0.0 3.8 15 6.7 13.3 52 3.8 1.9 27 3.7 3.7 14 7.1 7.1
frequencies than in young adults (Table
2). The highest degree of development
(degree 3) seems typical of young adults,
although an effect of activity cannot be
excluded, while the increase in OL fre-
quency in old adults is due to pitting (de-
gree 1) (Table 3). An insertion »sous forme
de fosse«46 has been observed by numer-
ous authors in juvenile subjects, especially
adolescents, at the attachment sites of the
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TABLE 4
FREQUENCY DISTRIBUTION (%) BY SEX OF THE PRESENCE OF ENTHESOPATHIES IN THE
OSTEOPHYTIC (OF) AND OSTEOLYTIC (OL) FORMS IN MALES AND FEMALES (30–39 YEARS)
OF THE SARDINIAN COLLECTION. (p VALUE, CALCULATED USING FISHER’S EXACT TEST,
REPORTED ONLY WHEN <0.05)
Left Right
M F M F
N % N % p N % N % p
OF
m. brachialis (ulna) 20 0.0 17 5.9 20 0.0 17 5.9
greater trochanter (femur) 19 15.8 15 0.0 19 10.5 15 13.3
patellar lig. (tibia) 19 31.6 17 0.0 0.020 19 42.1 17 5.9 0.020
patellar lig. (patella) 18 33.3 17 23.5 20 30.0 16 25.0
Achilles tendon (calcaneus) 17 58.8 16 56.3 18 61.1 15 46.7
OL
costoclavicular lig. (clavicle) 20 45.0 17 23.5 20 60.0 17 23.5 0.045
m. lat.dorsii/teres m. (hum.) 20 5.0 17 35.3 0.034 20 5.0 17 17.6
TABLE 5
FREQUENCY DISTRIBUTION (%) BY SEX OF DEGREE 1 AND 23 OF ENTHESOPATHIES IN THE
OSTEOPHYTIC (OF) AND OSTEOLYTIC (OL) FORMS IN MALES AND FEMALES (30–39 YEARS) OF
THE SARDINIAN COLLECTION
Left Right
M F M F
N 1 23 N 1 23 N 1 23 N 1 23
OF
m. brachialis (ulna) 20 0.0 0.0 17 0.0 5.9 20 0.0 0.0 17 0.0 5.9
patellar lig. (tibia) 19 21.1 10.5 17 0.0 0.0 19 21.1 21.1 17 5.9 0.0
patellar lig. (patella) 18 5.6 27.8 17 0.0 23.5 20 5.0 25.0 16 6.3 18.8
Achilles tendon (calcaneus) 17 17.6 41.2 16 43.8 12.5 18 16.7 44.4 15 40.0 6.7
OL
costoclavicular lig. (clavicle) 20 30.0 15.0 17 11.8 11.8 20 25.0 35.0 17 11.8 11.8
m. lat.dorsii/teres m. (hum.) 20 0.0 5.0 17 35.3 0.0 20 5.0 0.0 17 17.7 0.0
costo-clavicular ligament (clavicle), m. pec-
toralis major and m. latissimus dorsi/
teres major (humerus), m. gluteus maxi-
mus (femur), m. soleus (tibia) and, more
rarely, in other entheses25,46–48. Castex46
noted that fossa-shaped insertions are ge-
nerally present in the skeleton of sub-
adults. Therefore, this particular enthe-
sis morphology seems to be due to the
strong remodeling processes accompany-
ing growth, during which there is a con-
tinuous »migration« of the enthesis in the
growing bone39,49. The presence of this
trait in young adults has also been ob-
served by other authors46,48. In these ca-
ses, the »fossa form« is often found only in
some entheses and could represent a rem-
nant of juvenile characters that are dis-
appearing (Figure 14). We can also hy-
pothesize an interaction between biome-
chanical factors and the patterns of bone
remodeling related to age in the forma-
tion of these traits. Therefore, the term
'stress lesions' given to these features by
Hawkey and Merbs7 seems inappropri-
ate, since age appears to play a very im-
portant role in their formation.
Regarding sex differences, there were
only two attachment sites with OL in the
considered age class (mature adults). Fe-
males present a higher frequency of this
trait at the insertion of m. latissimus
dorsi/teres major, males at the attach-
ment of the costo-clavicular ligament (Ta-
ble 4–5). The sex differences could reflect
a male-female division of labor. In fact, in
the early medieval necropolis of Vicenne-
Campochiaro (studied with the same
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Fig. 14. »Fossa«-shaped enthesopathy (OL de-
gree 3) at the insertions of m. pectoralis major
(left of the photo) and m. latissimus dorsi/teres
major (right of the photo) on a right humerus
from a Sardinian ossuary (age and sex un-
known).
Fig. 13. »Sail«-shaped enthesophyte (OF degree
3) at the right scapular origin of the long head
of m. triceps brachii of an ancient Roman (T.
130B of Casalecchio di Reno, Bologna; Roman
Imperial age) who probably walked with the
aid of crutches.
method) both these entheses presented
more frequent OL in males44. The small
sample size used to evaluate sex differ-
ences does not permit a more in-depth
discussion, but we are currently studying
the complete sample of Sardinians (around
300 males and 300 females) and our eval-
uation of sex differences in other age
classes will yield new information in this
regard.
Conclusions
The study of enthesopathies in osteo-
archaeological series can provide inter-
esting information for reconstruction of
the style and quality of life of past popu-
lations. They can be used to investigate
the possible physical activity of individu-
als, the postural and locomotor anomalies
resulting from pathologies or the conse-
quences of traumas that alter the »nor-
mal« functioning of the musculoskeletal
apparatus. They can also be helpful in di-
agnosing several diseases, such as DISH
or spondylarthropathies, which can cause
the appearance of enthesophytes at vari-
ous sites37,50–54.
Because of the breadth of possible ap-
plications, it would be desirable to employ
standardized scoring methods, which in-
stead are not widely used by anthropolo-
gists and paleopathologists. For this rea-
son, first of all, we defined an unequivocal
terminology for the considered traits that
allows one to distinguish between the ab-
sence and presence of a trait. Than we
provided indications for the evaluation of
the degree of development, even though a
certain amount of subjectivity in its attri-
bution is inevitable due to the partly qua-
litative nature of the considered traits.
In this regard, it is particularly impor-
tant to furnish photographic documenta-
tion that also took account of the variability
of the different degrees of development.
The use of a digital camera has allowed
us to create a rich and easily accessible
computer archive of photographs.
On the basis of our study, an effect of
age on the type and the degree of develop-
ment of enthesopathies seems very prob-
able, and a sex-related influence also can-
not be excluded. For these reasons, the
results of studies of enthesopathies must
be interpreted in a critical manner, tak-
ing into account their multifactorial etiol-
ogy. This is especially true for osteoar-
chaeological specimens in whom the state
of preservation often prevents a clear at-
tribution of age and sex.
With regard to the use of entheso-
pathies for the reconstruction of occupa-
tional activities in past populations, the
most reliable hypotheses could be made
in the following cases:
1. presence of OF in young or mature
adults;
2. presence of OL in mature adults;
3. exclusion of diseases that may be res-
ponsible for the onset of enthesopa-
thies;
4. non-generalized distribution of enthe-
sopathies in the same skeleton;
5. evident lateralization of the presence
or degree of development of OF and OL.
The application of our standard to var-
ious osteoarchaeological series has allowed
us to formulate interesting functional hy-
potheses that have been confirmed by ar-
chaeological and historical evidence44,55,56.
In the case of prehistoric collections, where
it is more difficult to obtain information
about possible activities, we have been
able to make significant inferences about
the level of physical stress and the divi-
sion of labor on a sexual or social ba-
sis57,58.
Our research group has also worked
on the standardization of scoring of sev-
eral cranial entheses (masticatory mus-
cles and ligaments of the temporo-man-
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dibular joint)59,60. The standardized sco-
ring methods for robusticity of cranial
and postcranial entheses will be publi-
shed shortly.
Acknowledgements
We thank Sirio Candini for the pro-
gram to calculate the errors.
R E F E R E N C E S
1. VESCHI, S.: Studio dei reperti scheletrici di
infanti e adolescenti del Neolitico in territorio italia-
no. Ph.D. Thesis. (Università di Bologna, Bologna,
1996). — 2. VESCHI, S., F. FACCHINI, Bull. et Mém.
de la Soc. d’Anthrop. de Paris, n.s., 14 (2002) 263. —
3. MARIOTTI, V.: Ricerche metodologiche sugli indi-
catori scheletrici morfologici di attività. Ph.D. Thesis.
(Università di Bologna, Bologna, 1998). — 4. BONFI-
GLIOLI, B.: Le alterazioni dentarie di tipo non masti-
catorio come indicatore di attività. Ph.D. Thesis.
(Università di Bologna, Bologna, 2002). — 5. BELCA-
STRO, M. G., V. MARIOTTI, F. FACCHINI, B. BON-
FIGLIOLI, Coll. Antropol., 28 (2004). — 6. FACCHI-
NI, F., S. VESCHI, Coll. Antropol., 28 (2004). — 7.
HAWKEY, D. E., C. F. MERBS, Int. J. Osteoarchaeol.,
5 (1995) 324. — 8. KENNEDY, K. A. R., J. Forensic
Sciences, 28 (1983) 871. — 9. KENNEDY, K. A. R.,
Skeletal markers of occupational stress. In: ISCAN,
M. I., K. A. R. KENNEDY (Eds.): Reconstruction of
life from the skeleton. (Liss, New York, 1989). — 10.
BORGOGNINI TARLI, S. M., E. REPETTO, Hum.
Evol., 1 (1986) 331. — 11. DUTOUR, O., Am. J. Phys.
Anthropol., 71 (1986) 221. — 12. KELLEY, J. O., J. L.
ANGEL, Am. J. Phys. Anthropol., 74 (1987) 199. —
13. MOLLESON, T., Antiquity, 63 (1989) 356. — 14.
MOLLESON, T., Le Scienze, 314 (1994) 82. — 15.
PÁLFI, G., Bull. et Mém. de la Soc. d’Anthrop. de Pa-
ris, n.s., 4 (1992) 209. — 16. ROBB, J., Hum. Evol., 9
(1994) 215. — 17. GALERA, V., M. D. GARRALDA,
Int. J. Anthropol., 8 (1993) 247. — 18. CUNHA, E., C.
UMBELINO, Antrop. Port., 13 (1995) 49. — 19. PÁL-
FI, G., O. DUTOUR, Int. J. Anthropol., 11 (1996) 41.
— 20. KENNEDY, K. A. R., Int. J. Osteoarchaeol., 8
(1998) 305. — 21. CRUBEZY, E.: Interactions entre
facteurs bio-culturels, pathologie et caractères dis-
crets. Exemple d’une population médiévale: Canac
(Aveyron). Ph.D. Thesis. (Université de Montpellier,
Montpellier, 1988). — 22. BORGOGNINI TARLI, S.
M., B. REALE, Rivista di Antropol., 75 (1997) 1. —
23. STIRLAND, A. J., Int. J. Osteoarchaeol., 8 (1998)
354. — 24. STIRLAND, A. J.: Asymmetry and activ-
ity-related change in selected bones of the human
male skeleton. Ph.D. Thesis. (University College Lon-
don, London, 1992). — 25. ROBB, J., Issues in the
skeletal interpretation of muscle attachments. (Pres-
ented at the Annual Meeting of the Paleoanthropo-
logy Society, Anaheim, California, April 19–20 1994).
— 26. HAWKEY, D. E.: Use of upper extremity enthe-
sopathies to indicate habitual activity patterns. M.A.
Thesis. (Department of Anthropology, Arizona State
University, Tempe, 1988). — 27. STIRLAND, A., Di-
agnosis of occupationally related paleopathology: Can
it be done? In: ORTNER D. J., A. C. AUFDERHEIDE
(Eds.): Human paleopathology: Current synthesis
and future options. (Smithsonian Institution Press,
1991). — 28. PETERSON, J., D. HAWKEY, Int. J. Os-
teoarchaeol., 8 (1998) 303. — 29. PETERSON, J., Int.
J. Osteoarchaeol., 8 (1998) 378. — 30. KNÜSEL, C.
J., S. GÖGGEL, Int. J. Osteoarchaeol., 3 (1993) 155.
— 31. BELCASTRO, M. G., V. MARIOTTI, Coll. An-
tropol., 24 (2000) 529. — 32. MARIOTTI, V., M. G.
BELCASTRO, Functional implications of coxo-femo-
ral subluxation in a Roman skeleton (T.115) from Casa-
lecchio di Reno (Bologna, Italy; 2nd–3rd c.A.D.). In: LA
VERGHETTA, M., L. CAPASSO (Eds.): Proceedings:
13th. European Meeting of the Paleopathology Associ-
ation, Chieti, Italy. (Edigrafital S.p.A., Teramo,
2001). — 33. FOURNIÉ, B., A. FOURNIÉ, La Lettre
du Rhumatologue, 92 (1987) 15. — 34. PAOLAGGI, J.
B., La Presse Médicale, 16 (1987) 285. — 35. WIL-
CZAK, C. A., K. A. R. KENNEDY, Mostly MOS: Tech-
nical aspects of identification of skeletal markers of
ocuupationale stress. In: REICHS, K. J. (Ed.): Foren-
sic osteology: Advances in the identification of human
remains. (Charles C. Thomas publisher LTD, Spring-
field, 1998). — 36. CAPASSO, L., K. A. R. KENNEDY,
C. A. WILCZAK: Atlas of occupational markers on
human remains. (Edigrafital S.p.A., Teramo, 1999).
— 37. DUTOUR, O., Bull. et Mém. de la Soc. d’An-
throp. de Paris, n.s., 4 (1992) 233. — 38. LAGIER, R.,
Enthèse normale et enthésopathies. In: SIMON, L.,
CH. HÉRISSON, J. RODINEAU (Eds.): Pathologie
des insertions et enthésopathies. (Masson, Paris,
1991). — 39. ROBB, J. E., Int. J. Osteoarchaeol., 8
(1998) 363. — 40. BUIKSTRA, J. E., D. H. UBELA-
KER: Standards for data collection from human skel-
etal remains. (Arkansas Archeologica Survey Re-
search Series No. 44, 1994). — 41. CAVALLI-SFOR-
ZA, L., Analisi statistica per medici e biologi. (Bollati
Boringhieri, Torino, 1965). — 42. COLTON, T.: Sta-
tistica in medicina. (Piccin, Padova, 1979). — 43. HA-
MILTON, L. C.: Modern data analysis: A first course
in applied statistics. (Belmont, Wadswoth, 1990). —
44. BELCASTRO, M. G., F. FACCHINI, R. NERI, V.
MARIOTTI, J. Paleopathology, 13 (2001) 9. — 45.
MARIOTTI, V., R. NERI, F. FACCHINI, M. G. BEL-
CASTRO, In: Abstracts. (XIV Congresso degli an-
tropologi italiani, Croce di Magara, Spezzano Piccolo,
Cosenza, 2001). — 46. CASTEX, D., Bull. et Mém. de
la Soc. d’Anthrop. de Paris, n.s., 2 (1990) 185. — 47.
SAUNDERS, S. R.: The development and distribu-
tion of discontinuous morphological variation of the
158
V. Mariotti et al.: Scoring Method for Enthesopathies, Coll. Antropol. 28 (2004) 1: 145–159
human infracranial skeleton. (Natural Museum of
Man, Mercury series. Paper n. 81, Ottawa, 1978). —
48. MANN, R. W., S. P. MURPHY: Regional atlas of
bone disease. (Charles C. Thomas publisher, Spring-
field, 1990). — 49. ENLOW, D.: Facial growth. (W.B.
Saunders, Philadelphia, 1990). — 50. CRUBÉZY, E.,
J. Paleopathology, 3 (1989) 107. — 51. ARRIAZA, B.
T., Am. J. Phys. Anthropol., 91 (1993) 263. — 52.
CUNHA, E., Bull. et Mém. de la Soc. d’Anthrop. de
Paris, n.s., 5 (1993) 313. — 53. MAAT, G. J. R., R. W.
MASTWIJK, E. A. VAN DER WELDE, Int. J. Osteo-
archaeol., 5 (1995) 289. — 54. ROGERS, J., T. WAL-
DRON: A field guide to joint disease in archaeology.
(John Wiley & Sons, Chichester, 1995). — 55. MA-
RIOTTI, V., Skeletal markers of activity in the war-
riors from the Celtic necropolis of Casalecchio di Reno
(Bologna, Italy) (IV–III c. BC). In: Atti del XIII Con-
gresso degli Antropologi italiani. Roma – Sabaudia:
Attualità dell’Antropologia. Ricerca e insegnamento
nel XXI secolo. (CESI, Roma, 2001). — 56. BELCAS-
TRO, M. G., F. FACCHINI, V. MARIOTTI, In: Ab-
stracts. (XII Congreso de la Sociedad Española de An-
tropología Biológica, Bellaterra-Cerdanyola del
Vallès, 2000). — 57. MARIOTTI, V., S. CONDEMI, M.
G. BELCASTRO, F. FACCHINI, In: Abstracts. (XIV
Congrès de l’Union Internationale de Sciences Pré-
historiques et Protohistoriques, Liège, 2001). — 58.
MARIOTTI, V., B. BONFIGLIOLI, M. G. BELCA-
STRO, F. FACCHINI, S. CONDEMI, The contribu-
tion of the anthropological study to the reconstruc-
tion of the life style of the Epipaleolithic population of
Taforalt (Morocco). Preliminary report. In: Proceed-
ings. (XIV Congress UISPP, Liège, 2001). — 59. MA-
RIOTTI, V., B. BONFIGLIOLI, M. G. BELCASTRO,
F. FACCHINI, S. CONDEMI, In: Abstracts. (14th Eu-
ropean Meeting of the Paleopathology Association,
Coimbra, Portugal, 2002). — 60. MARIOTTI, V., B.
BONFIGLIOLI, M. G. BELCASTRO, F. FACCHINI,
S. CONDEMI, Bull. et Mém. de la Société d’Anthro-
pologie de Paris, n.s., 14 (2002) 219.
V. Mariotti
Department of Experimental Evolutionary Biology, Anthropology Unit, University of
Bologna, via Selmi 3, 40126 Bologna, Italy
e-mail: valemari@alma.unibo.it
ENTEZOPATIJE – PRIJEDLOG STANDARDIZIRANE
METODE PROCJENE I NJEGOVA PRIMJENA
S A @ E T A K
Entezopatije su promjene koje se pojavljuju na entezama. Postoje dva tipa ente-
zopatija: osteofiti~ke (OF) i osteoliti~ke (OL). U radu predla`emo standardiziranu me-
todu ocjenjivanja stupnja razvoja za svaki oblik entezopatije. Primjenom ove metode
intra- i inter-promatra~ki postotak pogre{ke iznosi manje od 5%. Metoda je primije-
njena na uzorku (113 osoba) iz osteolo{kih zbirki kasnog 19. i ranog 20. stolje}a, gdje su
podaci o dobi, spolu i zanimanju individue bili dostupni. Studija je pokazala utjecaj
dobi na oblik i stupanj razvoja entezopatije, te da se utjecaj ~imbenika vezanih uz spol i
zanimanje ne mo`e isklju~iti. U osteoarheolo{kim serijama potrebna je funkcionalna
interpretacija podataka o entezopatijama, te je ujedno potrebno voditi ra~una o pro-
cijenjenoj dobi i spolu uzorka, te distribuciji promjena na svakom kosturu.
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